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ABSTRACT--The Department of Defense (DoD) manages over 12,690 km
2
 of land 

across three installations in southern Arizona. These installations contain mountain ranges 

that provide cavern roosting habitat for bats. Seven former Category 2 sensitive species 

and one federally endangered species have the potential to occur on these three 

installations in roosting habitats. In order to increase the understanding of bat roosting 

habitat on DoD managed lands in southern Arizona, we designed a study focused on 

locating and defining the characteristics of roosts. We utilized historical records and 

topographic maps to locate potential roosting habitat across these three installations. Once 

located we used internal and external roost surveys to determine bat use. We located 153 

caverns and determined that 44 provided bat roosting habitat. We found bat use by six of 

the seven target species. Bat species use was associated with elevation while bat use type 

was linked to cavern size. Larger caverns were more likely to serve as day roost and 

combined day and night roosts.  

 

 

INTRODUCTION--Many bat populations in North America are declining (Stebbings 

1980, McCracken 1988, Richter et al.1993, Tudge 1994 and Altingham 1996). Of 43 bat 

species in the United States, five are listed as federally endangered and 19 are candidates 

for listing (Code of Federal Regulations 1991). Declines in bat species may be attributed, 

in part to loss of habitat due to increased human activity (Humphrey and Kunz 1976). This 

decline in bat use of native habitats has led to an interest in identifying and protecting bat 

roosts. It is unclear what role military owned lands plays in the management of bat habitat 

and potential recovery of local bat species.   

The Department of Defense (DoD) manages over 12,690 km
2
 of land across three 

installations in southern Arizona. These installations are managed by the United States 

Marine Corps, U.S Air Force, and U.S. Army. The Barry M. Goldwater Range-West 

(BMGR-West), Barry M. Goldwater Range-East (BMRG-East), and Yuma Proving 

Ground (YPG) are vast installations characterized by broad valleys bordered by steep 

mountain ranges. Mountain ranges on DoD installations have the potential to provide 

cavern roosting habitat for bats. Seven former Category 2 (C2) sensitive species and one 

federally endangered species have the potential to occur on these three installations in 

roosting habitats (Adams 2003). The distribution of bat roosting habitat is poorly 

understood across these three DoD installations. Given, that continued and future military 

training activities on these installations are dependent on minimizing operational and 
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training impacts on any federal and state sensitive species, it is imperative that the actual 

and potential bat roosting habitat on these installations is fully understood.  

The loss and modification of bat roosting habitats are major factors contributing to 

the putative decline of many bat populations (Tuttle and Taylor 1994; Adams 2003). The 

primary source of habitat loss is likely increased human disturbance (Pierson 1989; Brown 

and Berry 1991; Pierson and Brown 1992; Sherwin et al. 2000). More than half of bat 

species found in the United States regularly use natural (caves) and anthropogenic 

(abandoned mines) caverns as roosts (Tuttle and Taylor 1994; Keeley and Tuttle 1999; 

Bogan 2000; Adams 2003). The importance of cavern roosts for bats lies in the potential to 

provide a variety of roosting types, including maternity, hibernacula, day, night, and 

interim roosts (Sherwin et al. 2000). Maternity roosts provide a secure location for females 

to give birth and rear young throughout the summer season (Humphrey 1975; Kunz 1982). 

Hibernacula provide a winter refuge (Raesly and Gates 1986; Johnson et al. 1998; Kuenzi 

et al. 1999). Day roosts are used by non-reproductive individuals of both sexes, while night 

roosts are utilized by all bats regardless of reproductive status as a place to rest and digest 

their prey between foraging bouts (Lacki et al. 1994; Kerth et al. 2001). Night roosts are 

generally in different locations than day roosts and are used primarily at dawn and dusk 

(Anthony et al. 1981). Interim roosts are used in the spring before the young are born and 

again in the fall before retreating to hibernation roosts (Twente 1955; Dobkin et al. 1995). 

Specific roost requirements, particularly internal roost microclimate, are necessary for bat 

recruitment, and each species has a specific range of appropriate roosting temperatures that 

is advantageous to different life phases and thus, survival (Kunz 1982). Understanding the 

species and roost types that occur on these three DoD installations in southern Arizona will 

aid the DoD’s goals in preventing declines in local bat species and better manage bat 

habitat on military managed property.  

Seven bat species have the potential to utilize cavern roosting habitats on DoD 

installations in southern Arizona.  These bat species are listed as species of special concern 

by the Arizona Game and Fish Department and the Department of the Interior. These 

species were the focus of a DoD Species at Risk assessment in Arizona and New Mexico 

as part of a DoD funded legacy project. These seven species are; lesser longed-nosed bat 

(Leptonycteris curasoae: LEYE), pallid bat (Antrozous pallidus: ANPA), cave myotis 

(Myotis velifer: MYVE), Yuma myotis (Myotis yumanensis: MYYU), Mexican free-tailed 

bat (Tadarida brasiliensis: TABR), Townsend’s big-eared bat (Corynorhinus townsendii: 

COTO) and California leaf-nosed bat (Macrotus californicus: MACA). The lesser long-

nosed bat  is a federally-listed endangered species in the U.S. and Mexico and regularly 

uses cavern roosts to the south of these DoD installations (Arita 1991, Cockrum 1991, 

Fleming et al. 1993, Wilkinson and Fleming 1996, Cole and Wilson 2006, Morales-Garza 

et al. 2007, Shull 1988; SEDESOL 1994). Pallid bats have been observed foraging on these 

installations and regularly use cavern roosts throughout their range (Adams 2003; Lewis 

1987; Diamond pers. comm.). Cave myotis have been captured at water sites on these 

installations and are known to roost in cavern habitat on and adjacent to these installations 

(Fitch et al. 1981; Diamond pers. comm.). Yuma myotis is generally associated with 

crevice and cavern roosts adjacent to open water and has been captured at water sites on 

these installations (Cockrum et al. 1996). Mexican free-tailed bats are also known to roost 

in cavern habitats adjacent to these DoD installations (Hoffmeister 1986). Townsend’s big-

eared bats are cavern obligate species and are also known to roost adjacent to these DoD 
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installations (Cockrum et al. 1996). California leaf-nosed bats have been captured at water 

sites on these installations and regularly use cavern roosts (Hoffmiester 1986). These seven 

species of special concern all have the potential to occur on these DoD installations. In 

order to increase the understanding of the bat roosting habitat on DoD managed lands in 

southern Arizona we designed a study focused on determining roost distribution and 

defining the characteristics of those roosts. 

  

METHODS--Study Area--Diurnal bat roost surveys were conducted within each of 

the three DoD military installations in southwestern Arizona. These include two areas of 

the Barry M. Goldwater Range (BMGR-East and BMGR-West) and Yuma Proving 

Grounds (YPG). Each installation is divided into sections specifically for aerial systems 

training including live fire training and ground maneuvers. The installations together cover 

approximately 12,690 km
2
 of the Sonoran Desert’s Lower Colorado River Subdivision. 

Steep mountain ranges are surrounded by expansive, sparsely vegetated valleys and wide, 

shallow washes. The elevation ranges from approximately 80-800 m. Average rainfall is 

less than 8 cm and summer temperatures can exceed 44°C. Dominant vegetation includes 

creosotebush (Larrea tridenta), white bursage (Ambrosia dumosa), foothills palo verde 

(Parkinsonia microphylla), mesquite (Prosopis spp.), ironwood (Olneya tesota) and 

various cactus species.  

BMGR-East and BMGR-West lies within Pima, Maricopa and Yuma counties, and 

extends from Yuma eastward toward Gila Bend, Arizona. The Range is bounded to the 

south by Mexico and Cabeza Prieta National Wildlife Refuge, to the north by Interstate 8 

and a mix of private and public properties, and to the east by the Tohono O’odham Nation 

and Bureau of Land Management lands. Elevations range from below 61 m on western 

portions of the range to 1,128 m in the Sand Tank Mountains (BMGR 2007). Temperatures 

on BMGR can range rarely from below 0°C to 49°C, with a range-wide average annual 

rainfall of approximately 12.7 cm. The Lower Colorado River Subdivision of the Sonoran 

Desert is the predominating vegetative community and is characterized by extremely 

drought-tolerant plant species such as creosote, bursage, paloverde and cacti (e.g., 

Cylindropuntia spp. and saguaro: Carnegiea gigantea) (Brown 1994). The broad, flat and 

sparsely vegetated desert plains of the entire BMGR installation are dissected by numerous 

incised washes that harbor ironwood, smoketree (Psorothamnus spinosa), catclaw acacia 

(Acacia greggii), velvet mesquite (Prosopis velutina), ocotillo (Fouquieria splendens) and 

numerous shrub species.  

YPG lies within La Paz and Yuma counties near Yuma, Arizona and totals 

approximately 3,450 km² (fig. 1). The YPG installation is also dominated by the Lower 

Colorado River Subdivision of the Sonoran Desert and contains the same basic vegetative 

communities described under BMGR. The broad, flat and sparsely vegetated desert plains 

of YPG are dissected by numerous incised washes that harbor ironwood, smoketree, 

acacia, mesquite and numerous shrub species (Brown 1994). More elevated hills and 

mountain slopes contain vegetation consisting of Arizona Upland Subdivision of the 

Sonoran Desert with sotol (Dasylirion wheeleri), cacti and agave (Agave spp.). The range 

of elevation on YPG is from sea level to 878 m. The average temperatures on YPG are 

between 16°C and 30°C with average annual rainfall of 8.8 cm.  

Cavern habitat survey efforts were focused within the Trigo, Tank and Muggins 

mountains on YPG; the Mohawk and Granite mountains, Crater Range and White Hills on 
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BMGR-East; Mohawk, Gila, Copper and Tinajas Altas mountains and the Wellton Hills on 

BMGR-West. We used historical data, topographic maps and on the ground surveys to 

locate any actual or potential cavern habitat within these mountain ranges.  We conducted 

internal roost surveys of cavern sites when safety could be assured and used external 

methods at those deemed unsafe for internal survey.  

Internal surveys required the entrance of personnel and equipment into cavern sites, 

necessitating the continual assessment of potential hazards while the internal surveys were 

being conducted. During internal surveys, we conducted roost counts, mine structure 

assessment, and microclimate measurements. Surface and ambient temperatures and 

relative humidity were recorded at the cavern entrance and subsequently every 15 m; at the 

working face (terminus of the cavern habitat); and at the location of any evidence of bat 

use (including roosting bats, bat carcass, guano, urine staining, discarded insect parts). 

Roost temperatures were collected by focusing a digital thermometer on the roof above bat 

sign and likely reflect the actual microclimate (substrate temperature) at ceiling heights or 

at the cavern features where bats may be located. Roost relative humidity and cavern air 

temperature were recorded with a digital sling psychrometer and digital thermometer. 

Cavern structural characteristics such as the geological nature of the substrate, the presence 

of crevices and fissures, and the location and volume of stopes, raises, and winzes were 

also recorded. These surveys were conducted by an experienced bat biologist also trained 

and experienced in abandoned mine entry. This is the most efficient approach to cavern 

assessment for bat use. All internal surveys followed the USFWS white nose syndrome 

operating protocol. Each surveyor focused on the identification of bat sign, the number of 

individual bats, and potential hazards (e.g., surface subsidence, structural instability such 

as loose flakes, and vertical hazards).When safety of survey personnel was in question, we 

conducted external surveys of cavern features. 

External surveys provided an estimate of the number of animals using a roost 

(Richter et al. 1993; Ludlow and Gore 2000). We used Sony Nightshot™ (Sony 

Corporation, Koyoto, Japan) infrared video cameras to determine bat use at cavern sites 

deemed unsafe for entry. Evening surveys lasted 2 consecutive hours starting at least 15 

minutes before sunset. Several camera sets were placed as early as 45 minutes prior to 

sunset due to high illegal migrant activity in the immediate area. Video cameras were 

placed at inconspicuous locations within 5 m of the cavern opening for full view of the 

opening with a 1-m buffer zone on either side of the cavern site opening. Additional 

infrared light sources were placed near the cavern opening for illumination. This provided 

shadow elimination and full infrared lighting of 5 m both within and outside the cavern, 

allowing for an unimpaired observation of all bat activity near the opening. We used these 

internal and external cavern surveys to determine the roost distribution on the landscape 

and define the characteristics of roosts. 

We collected several roost variables that may contribute to bat use and compared 

them across species and roost types observed in the field. Roost variables included; 

elevation, human disturbance level (low, moderate, or high) based on amount of activity 

observed, structural stability (low, medium, and high) of the cavern site, presence of warm 

air traps within the cavern site, roost height, roost width, roost length, roost volume, 

presence of airflow in the cavern site, number of openings into the roost, roost complexity 

(low, medium, or high) determined by number of openings or amount of underground 

areas, temperature at the roost opening, temperature at the deepest point in the roost, and 
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the difference between the opening and deepest temperature. We analyzed these data using 

mixed model Analysis of variance (ANOVA) and Fisher’s LSDs (p = 0.05) to test for 

significant differences in roost characteristics among the seven species (LEYE, COTO, 

MACA, MYYU, MYVE, TABR, Unknown spp. and non-roosts) and three roost types (day 

roost, night roost, combined day and night roost and non-roosts).  

 

RESULTS--We were able to locate and conduct internal surveys or external surveys 

on 153 cavern sites that were potential bat roosts across the three DoD installations. We 

detected roost use consistent with COTO, MACA, MYYU, MYVE, TABR, and an 

unknown bat species. Bat use was defined primarily by the presence of guano and culled 

arthropod parts. We located six COTO roosts; three day roosts, two night roosts and a 

single combined day and night roost. We detected nineteen MACA roosts; seven night 

roosts and twelve combined day and night roosts. Three MYYU roosts were detected, and 

all served as day roosts. We located eight MYVE roosts; six day roosts and two day and 

night roosts combined. Only one TABR roost was detected and it served as a day roost. 

We were unable to determine which bat species used seven roosts; one night roost and six 

day roosts. We did not find any definable bat activity in 109 of the potential roosts 

surveyed. We analyzed the six COTO, nineteen MACA, three MYYU, eight MYVE and 

seven unknown species roosts to determine which variables had significant relationships 

across species and roost types. We excluded the single TABR roost from the species 

specific analysis due to low sample size but included this roost in the roost type analysis.   

Roost elevation varied significantly (mixed-model ANOVA; F = 4.38; p = 0.0016) 

across the species groups. COTO, MACA, MYYU, and MYVE roosts occurred at 

significantly lower elevation than both non-roost and the roosts for an unknown bat species 

(fig. 2).  COTO roosts occurred at a mean elevation of 256m and MACA, MYYU, MYVE 

and unknown bat roosts occurred at 287 m, 348 m, 316 m, 440 m and 438 m, respectively. 

We detected no other significant differences across species groups. 

We did detect two significant relationships across roost types with species groups 

combined. Day roosts and day and night roosts combined had significantly (mixed-model 

ANOVA; F = 3.36; p = 0.0419) higher roost volumes than night roosts and non-roosts (fig. 

3). Day roosts had a mean volume of 105 m
3
 and combined day and night roosts had a 

mean of 128 m
3
. In contrast, night roosts had a mean volume of 27 m

3
 and non-roost had a 

mean volume of 11 m
3
. Day, night and non-roosts length did not differ significantly 

(mixed-model ANOVA; F = 2.61; p = 0.0603). However, combined day and night roosts 

were significantly (Student’s t-test; t = 3.41; p = 0.0014) longer than all other roost types 

(fig. 4). Combined day and night roosts had a mean length of 33 m while day, night and 

non-roosts had mean lengths of 12, 8 and 8 m, respectively. We did not detect any further 

significant relationships between roost variables and roost types. 

 

DISCUSSION--During the course of this study we located 44 bat roosts that serve as 

habitat for six bat species. We located an additional 109 cavern features that were not used 

by bats during the course of this study. MACA were the dominate species detected and 

occurred in 44% of the roosts surveyed followed by MYVE, unknown species, COTO, 

MYYU and TABR at 18, 16, 14, 7 and 2% of the total roosts, respectively. These cavern 

roosts provided roosting habitat for at least six bat species. We were able to determine 

species using each of these 44 bat roosts. We located 4 roosts that were used by multiple 
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species. We did not detect any LEYE activity in any of the cavern roosts surveyed. The 

detection of these roost sites allowed us to determine the distribution and define the 

characteristics of roosts.  

Our study area has the distinction of occurring in one of the most arid and hot 

climates in the western U.S. The six bat species found in this roosting study are adapted to 

this extreme climate both physiologically and behaviorally. While this study did not 

directly address the roosting physiology or behavior of these six bat species, it did detect 

some patterns of roost use related to bat physiology and behavior. Cavern habitat that was 

occupied by bats consisted of the largest available caverns. This occupancy based on the 

length of a roost was related to the type of bat activity taking place within the roost. The 

most complex bat activity type we detected was the combination of a day and night 

roosting. These combined day and night roosts occurred in caverns that had a length 

greater than 23 m. We detected a similar trend in roost volume. Day and combined day and 

night roosts only occurred in caverns with a volume greater than 66 m
3
. While night roosts 

did not vary from non-roosts in length or volume. These trends in roost size are related to 

the physiology and behavior difference in day and night roosting bats.  

Day roosts are used by non-reproductive individuals of both sexes, while night 

roosts are utilized by all bats regardless of reproductive status as a place to rest and digest 

their prey between foraging bouts (Lacki et al. 1994; Kerth et al. 2001). Night roosts are 

generally in different locations than day roosts and are used primarily at dawn and dusk 

(Kunz 1982; Anthony et al. 1981). Day roosts provide bats with a refuge from the external 

macro-climate that aids them in limiting water and energetic loss (Kunz 1982).  Thus, a 

larger roost would provide a stable air mass within the roost that will moderate the macro-

climate more than a small roost with a limited air mass.  

The continued management of bat habitat on these three DoD installations should 

focus on management of these 44 known roosts. While these roosts vary in use type, 

magnitude and distribution they all provide bat habitat. Large sites and those with multiple 

use types should be at the forefront of management concern. These roosts are likely not a 

complete list of the roosting resources on these installations. Many more unknown roosts 

likely exist on this expansive landscape. Our findings indicate that bat surveys are required 

on all cavern features in order to determine bat use type and magnitude. Only one external 

variable (elevation) was associated with bat use. The negative association between bat use 

and elevation is likely due to the location of the primary available roosting habitat on these 

installations. Generally, the larger cavern habitat was located at mid-elevations on the 

mountain ranges. In summary, we found bats roosts on these installations in large caverns 

at mid-elevations. 

 

I would like to thank M.D. Piokowski, R.M. Mixan, N. Foley and R.N. Gwinn for 

data collection and project help. 
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FIG 1-- Map of the three Department of Defense (DoD) installations that make up 

our study area. 

 

 
FIG 2--Elevation of bat roosts on three Department of Defense (DoD) installations 

in southern Arizona across five bat species groups and non-roosts. Letters indicate 

significant difference. 
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FIG 3--Roost volume of bat roosts on three Department of Defense (DoD) 

installations in southern Arizona across four roost types and non-roosts. Letters indicate 

significant difference. 

 
FIG 4--Roost length of bat roosts on three Department of Defense (DoD) 

installations in southern Arizona across four roost types and non-roosts. Letters indicate 

significant difference. 


